Abstract
Introduction
Boron is an essential trace element for human health. Boron seems to affect the way the body handles other minerals such as magnesium and calcium [1] . It increases estrogen and β-estradiol levels in postmenopausal women so it might act as hormone replacement therapy [2] .
The most common inorganic form of Boron is Borax or Boric Acid (BA). Several studies suggested that boric acid had anti-tumoral properties [3, 4, 5, 6] . The mechanism of its lethal effects did not involve apoptosis, but it is suspected to be through histone deacetylase inhibition [7, 8] . Furthermore, boric acid toxicity was reported to be associated with autophagy in plants and insects [9, 10] . While on the other hand, several studies linked histone deacetylase inhibitors (HDACi) with an increased autophagy [11] . Those two facts raised the question of potential role of autophagy in BA mechanism of cytotoxicity, leading to this article.
Toxicity with boric acid in animals causes infertility, neural symptoms and skin irritation. It was reported that children and infants are particularly susceptible to Boron (boric acid) toxicity. However, no sufficient studies in vivo are available that could confirm boron/boric acid toxicity or confirm its usefulness as anti-cancer agent. [12] In this article, we aim to investigate the potency of boric acid as anti-tumoral agent and its effects on autophagy pathway. We use several concentrations of boric acid with different cell lines, and analyse some proteins that are related to autophagy.
Material and methods

Cell lines
We used seven different cell lines H1299 and COR-L23 (non-small cell lung cancer cell lines), HT-29 and HCT116 (colon), MFC7 and HCC1937 (breast cancer) and CAL-33 (tongue). Cells were cultured in the medium recommended by manufacturer (Sigma-Aldrich), 10% fetal bovine serum (Gibco) and 1% antibiotic (Gibco).
Cell growth
Cell growth was measured using MTT protocol after one week of cell culture (CO2 5% at 37 o C). Samples were used in triplets, incubated with MTT (Sigma) for an hour and the dye dissolved in DMSO (Merk Millipore). The measurements were performed via TECAN Infinite® F500. The results were normalized using untreated control.
Cells were treated with BA and/or chloroquine when reached 70-90% of confluency.
Western-blot
Primary anti-rabbit antibodies for P62/SQSTM1 (Abcam: ab109012) and LC3B (NOVUS: NB600-1384) were used, a primary anti-mouse beta-actin antibody (Sigma: A5441), a secondary HRP anti-anti-rabbit (Merck: AP307P) and a secondary HRP anti-anti-mouse (GE: NXA931).
SDS-PAGE gel 8% and 12% and transferred to PVDF membranes (GE) using BioRad electrophoresis and transfer instruments.
Results
We investigated the use of BA in seven cell lines with different origins. We found that response to BA was dose related, and the LD50 after one-week treatment with BA ranged from 10 to 50mM. We found that 5mM (about 700 folds the normal serum value [13] ) affects the growth of the cell lines less than 25%, while only very high concentrations (≥25 mM) cause a significant decrease in cell numbers after a week. (Figure 1) To evaluate the relationship between BA toxicity and autophagy, we used H1299 and COR-L23p, two non-small cell lung cancer cell lines (NSCLC), to measure P62 and LC3B after treatment with 5mM and 25mM of BA for 1 week. At 5mM no changes were detected in Western-blot (Not shown). However, with 25Mm of BA, levels of P62/SQSTM1 increased in the first two days then decreased steadily, while a decrease was noticed in LC3B in the first 24 hours then an increase of LC3B-II was detected. (Figure  3 and 4) The effects on autophagy could be a key for the differences in BA lethality among cell lines, so we studied the effects of BA treatment when the autophagy pathway is blocked using 25µM of chloroquine. In the same NSCLC cell lines, we found that the differences between chloroquine treatment alone for four days and combination with BA are resulting in small changes with 2mM of BA (+5% to -7%), and small decreases with 5mM of BA (-2.5 to -10%). None were statistically significant (p>0.05). (Figure 2) 
Discussion and Conclusions
High nutritional boron intake was suggested to be a protector against lung cancer [14] . Boron is supplied in the diet especially vegetables and fruits, and elevated levels of boron/boric acid exist in several natural spring's waters that might explain their "miracles properties" [12, 15] . The tolerable upper intake level (UL) for adults over 19 years is 20 mg/day of boron [16] . It was estimated that supplying Boron as boric acid might be toxic with minimal lethal dose for adults is 10-20g [12] . However, cases of boric acid poisoning (10-88 g) reported no fatalities and 88% of them were asymptomatic [12] . The uncertainty about the toxicity led us to explore BA treatment at a very high concentration.
Several studies reported a response in one cell line of prostate cancer (DU-145) to one week of boric acid therapy at 1mM [3, 4, 17] . This cell line is also known as an example of an autophagy-defective cell that lacks ATG5 [18, 19] , while other cells-lines with normal autophagy function do not have a similar response to the same treatment. Boric acid, while affects growth, did not induce apoptosis in breast cancer cells [7] . Studies in flora and insects already pointed to autophagy elevation in boric acid toxicity [9, 10] , which was behind the reasoning that autophagy might responsible of BA mechanism of action.
Alternatively, some studies suggested that boric acid acts as histone deacetylase inhibitor (HDACi) [8] reduce intracellular Ca ++ signals and storage [17] , EIF2α/ATF4 and ATF6 Pathways [20, 21] or/and intervene in Wnt/β-catenin pathway [22] .
In this study, we treated cancer cell lines from different organs that have a fully functional autophagy pathway. We found that low to medium concentrations of boric acid did not cause significant changes in cell growth in concordance with other studies, while effective doses were around 25mM. These doses are 700 to 3500 times higher than normal blood levels [13] . Although no reflection on health was observed when human population consumed water with Boron up to 29mg/L (equal to 2.5 mM boric acid) [23] , nothing is known about concentrations as high as 25mM except that BA toxicity is not reported to be lethal [12] .
After 72 hours of treatment with high doses of BA, a decrease in P62/SQSTM1 and accumulation of LC3B-II indicates a blockage in autophagy, but this happens after an initial increase in P62/SQSTM1 levels. The change of P62/SQSTM1 concentrations suggests a feed-back control that might be induced by other pathways, possibly due to BA effects on histone acetylation or mediating Ca ++ signals. These concords with results from other studies that revealed changes in nucleic acid and transcription factors with BA treatments [21, 24] .
We hypothesized that DU-145 is sensitive to boric acid due to the autophagy defect mentioned earlier, so we tried to reproduce autophagy arrest using 30µM of chloroquine. We established in our laboratory previously that the main autophagy pathway is inhibited in H1299 and COR-L23 cell lines at that concentration. Using chloroquine with and without small quantities of boric acid, we evaluated the response of our two NSCLC cell lines. In combination with 2mM of BA, the changes were minute. While at 5mM, the decrease in cell growth ranged between 7 -10 %. The synergic effect is not strong enough (p>0.05). Increasing the boric acid concentration even further might increase the cellular response with chloroquine, but this contradicts the aim of decreasing BA concentrations to avoid possible toxicity. Thus, we do not see this combination of chloroquine and boric acid justified.
It was reported that other boron based compounds exhibit better anti-cancer properties such as Phenylboronic acid and Calcium Fructoborate [5, 7] . Those compounds presented a better effect which reflects in less toxicity, and future studies are recommended to focus on them.
Boric acid increases autophagy and causes dose-dependent cell death in cancers, and high concentrations can be therapeutical if real levels of toxicity were redefined above them. And although autophagy is modified with BA treatment, it is probably not the only player that induces cell death.
We recommend more investigation to understand boron role and its compounds and to get the most of this potential drug.
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